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INTRODUCTION 
There have been several investigations on the pollen morphology of the genus 
Ohimaphila (Erdtman 1952, 1969, Ikuse 1956, Oldfield 1959, Ueno 1962, Nowicke 
1966, Huang 1972). All of these workers have noted that the pollen type of the 
genus is tetrad, but curiously none was aware of the fact that in Ohimaphila 
japonica Miq., in addition to the monad and tetrad, there are quite a few of pollen 
grains united together into a group more than four. The number of pollen grains 
thus united to as polyad varies greatly from eight to more than 100. Such a plant 
which produces compound pollen grains composed of variable numbers is not com-
mon in flowering plants. The purpose of the present paper is to describe the 
development of the compound pollen grains in Ohimaphila japonica Miq. The 
~Titer is indebted to Ass. Prof. Dr. Kankichi Sohma, Biological Institute, T6hoku 
University, for his valuable advice and criticism. 
MATERIALS AND METHODS 
The plants used were Ohimaphila japonica Miq. The anthers at various 
stages of the development were fixed in 3% glutaraldehyde in pH 7.2 phosphate 
buffer at 4°0 for 2-4 hours, washed in buffer and post-fixed in buffered 1 % osmium 
tetroxide for 8-16 hours at 4°0. Following dehydration in a graded ethyl alcohol 
series, the materials were embedded in Epon 812 mixture (Luft 1961). Sections 
were cut with glass knives on an LKB 480lA or 8800 ultramicrotome. Thin sections 
were double stained in 2% uranyl acetate solution and saturated lead acetate 
solution, and examined with a Hitachi HS-9 transmission electron microscope. In 
a few materials, the time required for the fixation was prolonged to obtain better 
figures. For the observations by light microscopy, mature pollen grains were 
treated in acetolysis mixture (acetic anhydride 9: conc. sulphuric acid I) at 90°0 for 
5-10 minutes. Following dehydration in a graded ethyl alcohol series, the materials 
were mounted in silicone oil. 
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OBSERVATIONS 
Mature pollen grains 
The pollen grains of Ohimaphila japonica Miq. are found to be monad (Fig. 1), 
tetrahedral tetrad arranged loosely (Fig. 2), and polyads united in a group consist-
ing of a variable number of grains (Figs. 3, 4, 5). Some of the grains forming 
tetrad, however, are often not tetrahedral in arrangement strictly. The number of 
the grains within the polyads varies greatly from eight to more than 100, and the 
approximate number is considered to be composed of a multiple of four. In this 
connection, the polyad united in a variable number of pollen grains is called 
tentatively as "indefinite polyad" in this paper. Fig. 8 shows that seven mature 
grains are connected with each other by the exine in common. 
Although the exine of the individual grains is tectate, an interruption of the 
exine between adjacent two grains is sometimes observed. The interruption is 
often confined to the tectum (Fig. 6), or less frequently it extends almost to the 
entire thickness of the exine except for the endexine, the layer immediately beneath 
the foot layer (Fig. 7). 
Pollen development 
At prophase I of meiosis, the pollen mother cells (PMOs) are enveloped in a 
layer of callose. In a sectional view, the layer is thicker at the corners than at 
each side of the contiguous PMOs. There are many cytomictic channels between 
PMOs in these areas not covered with the thick callose. This sharing of the common 
cytoplasm sometimes gives an impression of transcellular cyclosis (Fig. 9). These 
cytomictic channels are seen throughout the succeeding phases, i.e. metaphase I, 
telophase I, and immediately after telophase II. During the stages both for 
metaphase I and telophase I, the formation of the callose wall is less extensive 
(Figs. 10, 11). Many cytomictic channels observed during these stages appear to 
be involved in maintaining a close communication between PMOs (Figs. 12, 13). 
While the cytokinesis accompanied by meiosis II is took place the cytomictic 
KEY TO LABELLING 
A-aperture F·foot layer PL-plasmalemma 
C-columella N-nucleus S-starch grain 
CHR-chromosome GN-generative nucleus T-tectum 
CW-callose wall I-intine VN-vegetative nucleus 
EN-endexine PM-primexine W-primary cellulose wall 
Figs. 1-5. Light photomicrographs showing acetolyzed mature pollen grains. Fig. l. 
monad, Fig. 2. Four grains united in tetrad, and Figs. 3-5. "indefinite polyad". 
The marker is 50 ,urn. Figs. 6, 7. Electron photomicrographs showing the connection 
between two pollen grains. Fig. 6. Note a core of the bridge which consists of 
the columellar layer and two tecta I layers. Foot layer and endexine have an auto-
nomous pollen wall, respectively. Fig. 7. Note a tight cohesion by a fusion of the 
exine members except endexine. The core is composed of unknown materials. The 
marker is 1 "m. 
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channels are always observed, although their numbers are diminished (Fig. 14). 
The cytomictic channels thus existed during the cytokinesis are characteristic for C. 
Japomca. 
Soon after a new callose wall was formed between the four microspores 
derived from each PMC, the primexine is laid down on the plasmalemma of each 
microspore in the tetrad. At this time the cytomictic channels are no longer 
observed between the microspores derived from the contiguous PMCs. However, 
as seen in the electron micrographs (Figs. 15, 16), the adjacent microspores 
derived from the contiguous PMCs and those from each PMC are connected by 
primexine bridges, respectively. Soon after the dissolution of the callose wall 
surrounding both the tetrad and the individual microspores has begun, the first 
sporopollenin is laid down rapidly on the surface of the microspores. Fig. 17 shows 
that all of the individual microspores in an early stage are interconnected by the 
tectum in common. 
DISCUSSION 
In previous works concerning the pollen morphology of the genus Chimaphila, 
the pollen type was described as tetrad. It was only Nowicke (1966), who stated 
that the pollen grains of three North American species of Chimaphila are "tetrads 
tending to clump together after acetolysis". Huang (1972) noted that the pollen of 
C. japonica in Formosa is found to be "tetrad, rarely monad". As was described 
in the present paper, the type of the pollen grains of C. japonica found in Japan 
includes monad, tetrad and polyad that composed of a variable number of grains. 
However, the occurrence of the pollen grains of monad and tetrad is less frequent 
than polyads. Some of the monad and tetrad seem to be separated partially from 
the polyads by mechanical treatment during the course of acetolysis. 
In the literature the term "polyad" is somewhat ambiguous in usage. Accord-
ing to Iversen & Troels-Smith (1950) the term is applied to the grains united in 
groups of more than four in number. Erdtman (1969) describes it either grains 
in groups of more than eight (p. 37) or more than four (p. 242). The species of the 
plant that seems to have pollen grains both united in tetrad and polyad is 
recorded by Erdtman (1952) in Xylopia grandiflora of the Annonaceae. Never-
theless, we have not as yet enough accounts of the wall structure of the pollen in the 
species. The present study confirms that the pollen grains in C. japonica are 
united together in a group consisting of variable number, and also that the grains 
in the polyad are interconnected with each other by the thick wall of the exine in 
common. Thus, the grains coherent into a group presented here are neither 
furnished by any chemical treatments nor by additional lypoidal and pigmented 
,mbstances that may accumulated on and within the outer exine (Troll 1928). To 
----~ -- -- ~-
Fig. 8. TEM of engorged pollen grains with dense cytoplasm, illustrating seven pollen 
grains connected with the exine in common. The marker is 3 {lm. 
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avoid misunderstandings, therefore, the "indefinite polyad" is proposed here as a 
convenient general term used to designate such type of the coherent pollen grains in 
C. japonica. 
It has been reported that the cytomictic channels are not observed between 
PMOs in some of the gymnosperms as Podocarpus (Vasil & Aldrich 1970). In many 
species of the angiosperms, however, the PMOs during meiotic prophase are 
interconnected by cytomictic channels (Heslop-Harrison 1966b). By telophase I 
a few of these cytomictic channels are still present but their number is greatly 
diminished. At the onset of meiosis II the mother cells become totally isolated 
from each other by an independent callose wall (Heslop-Harrison 1966a, Vasil 1967, 
Mascarenhas 1975). These cytomictic channels have been believed to play an 
important role for a translocation of nutrients between cells and/or for a maintain-
ing close synchronization throughout meiotic stages. 
In C. japonica, there are the cytomictic channels between the PMOs until 
immediately after telophase II. Soon after cytokinesis, the bridges of the 
primexine are produced between the contiguous microspores derived from neighbor-
ing PMOs. The development thus far takes place in the microspores within the 
tetrad surrounded by the callose wall. The pollen grains when mature have the 
exine in common forming the "indefinite polyad". It may be reasonable to 
assume that the interruption of the exine observed in the mature pollen grains is a 
remnant structure of the primexine bridge derived from the cytomictic 
channel. The pollen developmental process thus characterized in the present 
material is unique among the flowering plants, i.e. the unusually prolonged sharing 
of the cytomictic channels between the neighboring PMOs seems to be designed to 
produce the "indefinite polyad". 
There are several reports dealing with the microsporogenesis of some of the 
plant species that form the tetrad type of pollen grains (Ford 1971, Dunbar 1973, 
Knox & Friederich 1974). These studies have shown that the callose walls form 
only slightly or virtually absent between four cells in the meiotic tetrad. Meyer 
& Yaroshevskaya (1976) have shown that the callose wall is not formed around 
the PMO and between four cells in the tetrad. These processes seem not to be 
comparable to the present material. The four microspores in the tetrad of C. 
japonica become only connected with each other by the slender bridge of the 
primexine, each being surrounded by the thick callose wall. Accordingly, it is 
surmised that the common primexine between the four microspores in the tetrad 
Fig. 9. At prophase I showing cytomictic channels (arrows). The marker is 1 {tm. 
Fig. 10. At metaphase I showing thinner deposition of the callose wall at the sides 
between neighboring PMCs than at the corners. Arrows indicate cytomictic channels. 
The marker is 5 11m. Fig. 11. At telophase I showing many cytomictic channels 
(arrows) between PMCs. The marker is 5 {tm. Fig. 12. At metaphase I showing 
a cytoplasmic inclusion across cytomictic channels between PMCs. The marker is 
1 {tm. Fig. 13. At telophase I showing cytomictic channels between PMCs. The 
marker is 2 {tm. 
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is formed either by a considerable delay of the meiotic division or by a hasty synthesis 
of the first prim exine materials. 
A reevaluation of the generic limits within the Pyroloideae is presented by 
Haber & Cruise (1974). They considered that the genus Ohimaphila has the grains 
of the tetrad type, which is one of 18 selected characters that have been used as the 
key characters by delimiting the genera. On the basis of the preceding discus-
sion, O. japonica occurred in Japan has the characteristic pollen grains. In this 
respect, additional evidence of the detailed morphological features on the pollen 
of the other members of the genus will be needed. 
SUMMARY 
The pollen grains of Ohimaphila japonica Miq. are the monad, tetrad and 
polyad united in a group consisting of a variable number of grains. Occasionally, 
the polyad composed of an exceptionally large number of grains was encountered. 
The type of the polyad thus united in a variable number of grains is referred 
tentatively to as the "indefinite polyad" in this paper. During cytokinesis 
immediately after meioflis II, the neighboring microspores that produce the 
"indefinite polyad" are still in contact with each other by the cytomictic channels. 
During the tetrad stage, these microspores derived from the adjacent PMCs are 
connected by the primexine bridges. Each pollen grain within the "indefinite 
polyad" is connected by the exine in common. It is considered that the cytomictic 
channels existed during the stages of microsporogenesis play an important role in 
the formation of the exine in common. 
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